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Abstract: <p>I will introduce our recent proposal that the state of the universe does *not* spontaneously violate CPT. Instead, the universe before
the Big Bang is the CPT reflection of the universe after the bang. Phrased another way, the universe before the bang and the universe after the bang
may be re-interpreted as a universe/anti-universe pair, created from nothing. CPT selects a unique vacuum state for the QFT on such a spacetime,
which leads to a new perspective on the cosmological baryon asymmetry, and a new explanation for the observed dark matter abundance. In
particular, if we assume that the matter fields in the universe are described by the standard model of particle physics (including right-handed
neutrinos), we predict that one of the heavy neutrinos is stable, and that its density automatically matches the observed dark matter density if its
mass is 4.8 x 10"8 GeV. Among other predictions, we have: (i) that the three light neutrinos are majorana; (ii) that the lightest of these is exactly
massless; and (iii) that there are no primordia long-wavelength gravitational waves. | will mention connections to the strong CP problem and the
arrow of time. (Based on arXiv:1803.08928 and arXiv:1803.08930, with Kieran Finn and Neil Turok.)</p>
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one stable neutrino: vy

SU(3)|SU(2)|U(1) Zi5 symmetry: V}{ — _V}ia

¢ 3 2 |1/6
ub| 3 1 [2/3

il 3 1 1-1/3

i1 2 |-1/2
vh| 1 1 0
el 1 1 —1

hl 1 2 |1/2

irsa: 18040100 Page 21/35



SU(3)|SU(2)|U(1)
¢t 3 2 |1/6
uly| 3 1 ]2/3

3 1 |-1/3

i1 2 |-1/2
1/}@2 1 1 0
el 1 1 | -1

hl 1 2 | 1/2

irsa: 18040100

one stable neutrino: 1/}{

Zy symmetry: vy — —Uj,

Srad Ml

. n 3/2
idm —C ( 'dfm) (C — 0.003476 ...

Page 22/35



SU(3)|SU((2)|U(1)
qt| 3 2 | 1/6
ul| 3 1 |2/3
L3 1 |-1/3
il 1 2 |-1/2
1/}@2 1 1 0
el 1 1 | -1
hl 1 2 | 1/2

irsa: 18040100

one stable neutrino: 1/}3

Zy symmetry: vy — —Uj,

Ndm

Srad Ml

Mam = 4.8 x 10° GeV

m 3/2
=C ( d) (C = 0.003476 . . .

Page 23/35



SU(3)|SU(2)|U(1)
¢t 3 2 | 1/6
uly| 3 1 |2/3
W3 | 1 |-1/3
il1 |2 |-1/2
vh| 1 1 0
el 1 1 | -1
hl 1 2 |1/2

irsa: 18040100

one stable neutrino: 1/}{

Zo symmetry: v — —Vp

. m 3/2
i _C ( 'd'm) (C = 0.003476 .. )

Srad Ml

Mgm = 4.8 x 108 GeV

3 light ¢'s are majorana (033 decay)

Page 24/35



SU(3)|SU(2)|U(1)
¢t 3 2 | 1/6
uly| 3 1 |2/3
L3 1 |-1/3
il 1 2 |-1/2
vh| 1 1 0
el 1 1 | -1
hl 1 2 | 1/2

irsa: 18040100

one stable neutrino: vy

Zy symmetry: vy — —U

. m 3/2
i _C ( 'd'm) (C = 0.003476 .. )

Srad Ml

Mgm = 4.8 x 10% GeV

3 light ¢'s are majorana (Ov33 decay)

lightest v is massless (mor = 0.05eV, 0.1eV)

Page 25/35



SU(3)|SU(2)|U(1)
¢t 3 2 | 1/6
uby| 3 1 |2/3
B3 1 |-1/3
il 1 2 |-1/2
vh| 1 1 0
el 1 1 | -1
hl 1 2 | 1/2

irsa: 18040100

one stable neutrino: vy

Zo symmetry: vy — —Vp

n m 2
i _C ( 'd'm) (C = 0.003476 .. )

Srad Ml

Mgm = 4.8 x 108 GeV

3 light ¢'s are majorana (Ov33 decay)

lightest v is massless (mor = 0.05eV, 0.1eV)

/ .
other 2 heavy v’s: leptogenesis

Page 26/35



Upgoing ANITA events as evidence of the CPT symmetric universe
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We explain the two upgoing ultra-high energy shower events observed by ANITA as arising from the
decay in the Earth’s core of the quasi-stable dark matter candidate in the CP'I' symmetric universe.
The dark matter particle is a 480 PeV right-handed neutrino that decays into a Higgs and a light
Majorana neutrino. The latter interacts in the Earth's crust to produce a 7 lepton that in turn
initiate an atmospheric upgoing shower.

The three balloon flights of the ANITA experiment  with the non-observation of similar events at cosmic ray
have resulted in the observation of two unusual upgo- facilities and IceCube.
ing showers with energies of (600 + 400) PeV [1] and
(5601300) PeV [2]. The energy estimates are made un-

Cosmic ray facilities have seen downgoing shower
events with energies up to ~ 10° PeV, but have not

hep-ph] 30 Mar 2018
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* No primordial tensor perturbations (GWs)
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CPT hypothesis “protects” Weyl character of Big Bang singularity, and predicts
thermodynamic arrow of time flows away from the bang in “either direction”
(w.r.t. the conformal time tau)
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* Big Bang as analogue of BH horizon
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* in progress: Why is the universe flat FRW plus nearly scale-invariant
perturbations?

o 1t level:  quantum fields on classical spacetime
e 2nd level:  one-loop corrections
o 3rd level:  quantum amplitude for U-Ubar pair

* through-the-bang references:
* Bars, Chen, Steinhardt, Turok: arXiv:1105.3606, 1112.2470, 1207.1940, 1307.1848
* Gielen, Turok: arXiv:1510.00699, 1612.02792
* Barbour, Koslowski, Mercati, Sloan: arXiv:1409.0917, 1507.06498, 1604.03956, 1607.02460
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